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Abstract 

Background: Hepatitis B virus (HBV) and hepatitis D virus (HDV) represent important public health problems in 
the Western Amazon region with reported cases of fulminant hepatitis. This cross sectional study describes HBV 
and HDV genotypes circulating in the Brazilian Amazon region. 

Methods: HBsAg positive individuals (n = 224) were recruited in Manaus/Amazonas State (130 blood donors from 
the Hematology and Hemotherapy Foundation from Amazonas/HEMOAM; 60 subjects from outpatient clinic) and 
in Eirunepe city (n = 34) from 2003-2009. Most participants (n = 153) lived in Manaus, 63 were from 20 remote 
isolated municipalities, 8 lived outside Amazonas State. Genotyping was based on PGR products: HBV genotype 
A-F specific primers, restricted length polymorphism for HDV. HDV isolates were directly sequenced (delta antigen 
405 nucleotide fragment) and phylogenetic analysis performed (MEGA; neighbor-joining, Kimura's two parameter). 

Results: Most participants were young adult males and HBV mononnfection predominated (70.5%, 158/224). 
Among blood donors, outpatient subjects and individuals from Eirunepe, HBV/A prevailed followed by HBV/D and 
F (p > 0.05). HBV/A was more frequent in blood donors (p < 0.05). HBV-HDV coinfection rate was 8.5% in blood 
donors (1 1/130), 65.0% (39/60) in outpatient subjects and 47.0% (16/34) in individuals from Eirunepe. Compared to 
blood donors, coinfection was higher in outpatient subjects (65.0% versus 8.5%; RR = 5.0; CI 3.4-7.9; p< 0.0001) and 
in subjects from Eirunepe (47.0% versus 8.5%; RR = 5.5; CI 3.0-9.9; p < 0.0001). HBV-HDV coinfection rates were higher 
in patients from highly endemic remote cities. Only HDV genotype 3 was detected, HBV/F-HDV/3 predominated 
(20/38; 52.7%), followed by HBV/A-HDV/3 (31.6%; 12/38) and HBV/D-HDV/3 (15.8%; 6/38). 

Conclusions: The description of HBV and HDV genotypes circulating in the western Amazon can contribute to a 
better understanding of their relevance on the regional epidemics. These infections are highly endemic in the 
Amazon where their control is challenged by its vast territorial dimension with small, hard-to-reach municipalities 

dispersed into the jungle and populated by diverse ethnic groups. 
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Background 

Worldwide more than 350 million subjects have chronic 
infection with hepatitis B virus (HBV) and around 15-20 
million people are coinfected with hepatitis D virus (HDV) 
[1]. HDV is a defective RNA virus that requires the hepa- 
titis B surface antigen (HBsAg) to become infectious [2]. 
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HBV and HDV share similar transmission routes, primarily 
parenteral and sexual routes, but in areas of high en- 
demicity as the Amazon basin, vertical and childhood 
horizontal transmission of HBV also occurs [3,4]. Several 
reports have shown that chronic HDV-HBV coinfection is 
associated with more severe liver disease than chronic HBV 
monoinfection [5,6]. HDV can be acquired by coinfection 
with HBV or by superinfection of HBV carrier and the clin- 
ical outcome of HDV depends on the modality of infection. 
Coinfection leads mostiy to clearance of HBV-HDV in 95% 
of patients, whereas superinfection results in chronic 
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infection in over 90% of the patients [7]. HDV is a highly 
pathogenic virus but the range of clinical manifestations 
vary from mild disease to fulminant hepatitis, as well as a 
rapidly progressive form of chronic viral hepatitis [8] . 

Delta hepatitis was endemic in southern Europe where 
between 1980-1990 the prevalence of anti-HDV anti- 
bodies among HBsAg-positive individuals was higher 
than 20%. Following the implementation of HBV vaccin- 
ation programs in the 1990s a significant decline in inci- 
dence was reported [9]. However, incidence is increasing 
in northern and central Europe because of immigration 
from highly endemic areas and intravenous drug use. In 
the Mediterranean region, in Africa, and in the Middle 
East, high rates of HBsAg carriers can be coinfected with 
HDV whereas in the USA, HDV remains rare and re- 
stricted to high-risk groups such as intravenous drug users 
and hemophiliacs [10,11]. Currently eight different HDV 
genotypes have been reported and HDV genotype 3 is char- 
acteristic of the Amazon region in South America [12-14]. 

The western Amazon basin (including Brazil, Peru, 
Ecuador, Venezuela and Colombia) presents one of the 
highest rates of HBV infection in the world [15-17]. 
HBV is a DNA virus of high genetic variability compris- 
ing eight well-recognized genotypes, A-H and two new 
proposed genotypes, I and J that show distinct geo- 
graphic distribution [15,18,19]. HBV genotypes together 
with viral load and specific viral mutations play a role in 
disease progression and in particular, HBV genotype can 
be predictive of clinical outcomes and response to inter- 
feron treatment [20]. HBV genotype A prevails in Brazil 
followed by genotypes D and F, the later one, prevalent 
in indigenous communities [21,22]. 

The Brazilian Amazon mainly the Jurua, the Solimoes, 
and the Purus river basins in the State of Amazonas are 
considered highly endemic regions for HBV and HDV 
where they represent important public health issues with 
severe cases of acute and chronic HDV hepatitis [23-26]. 
Molecular epidemiology studies in this geographic region 
of continental dimension, including remote and hard-to- 
reach villages dispersed into the jungle, diverse population 
composed by different ethnic groups and low demo- 
graphic density can help delineate improved control mea- 
sures for HBV-HDV coinfection. In this context, this study 
describes HBV and HDV genotypes circulating in the 
Western Amazon region in Brazil and these data contrib- 
ute to compose the molecular epidemiology map of these 
viruses indicating their pattern of endemicity in this highly 
endemic area. 

Methods 

Study area and subjects 

This cross sectional study included individuals with con- 
firmed diagnosis of HBV infection, most of them living in 
the western Amazon. Individuals were recruited in two 



cities (Manaus and Eirunepe) located in the Amazonas 
State, North Brazil from 2003-2009. 

In Manaus city, two different groups of HBsAg positive 
participants were included and evaluated separately: A. 
Blood donors, asymptomatic subjects recruited at the main 
public health reference blood bank in the north Brazilian 
region "Hematology and Hemotherapy Foundation from 
Amazonas'VHEMOAM (n = 130); B. Symptomatic subjects 
recruited at an outpatient clinic ("Araujo Lima Hepatitis 
Ambulatory Hospital, Federal University of Amazonas"; 
n = 60). Manaus (the capital of Amazonas State) is the 
largest city in the Amazon region and is located in 
the center of the Brazilian Amazon rainforest (great 
metropolitan area with around 2.2 million inhabitants, sit- 
uated by the Negro River a few miles before it meets the 
Solimoes River to form the Amazon River). Manaus was 
historically populated by several local indigenous tribes 
(mainly "Manaos") and by Portuguese and Spanish immi- 
grants (16th century). 

In Eirunepe city, HBV infected subjects were identified 
after a serological screening for HBsAg positivity among 
720 individuals performed in 2009 (34/720; 4.72% preva- 
lence of HBsAg positivity, Kiesslich D unpublished data). 
Eirunepe city (30665 inhabitants) is located 1160 kilometers 
away from Manaus, in the southwest part of Amazonas 
State by the Jurua Valley and is considered a highly 
endemic region for HBV and HDV infections [27,28]. 
Eirunepe represents a rather isolated municipality that can 
be reached only by the Jurua River and by airplane. It was 
populated during the Rubber Cycle (19th century) result- 
ing from the miscegenation of indigenous people (Kulinaa 
tribe), Brazilians from the northeast region, Turkish, 
Portuguese and Spanish immigrants. No indigenous par- 
ticipant was included in any of the study groups. 

Participants 

Individuals from both genders, >18 years old, with positive 
HBsAg serology (Murex, Abbot, USA) were included. 
Serological marker for HDV infection was determined by 
anti-HD IgG ELISA kit (DiaSorin, Saluggia, Italy). Anti 
HBV-HDV coinfection was defined by HBsAg positivity 
and anti-HD positivity. Exclusion criteria were: coinfection 
with hepatitis C virus (MUREX/Abbot, EUA), or human T 
cell lymphotropic virus (MUREX/Abbot, EUA), or human 
immunodeficiency virus (MUREX/Abbot, EUA); patients 
under interferon or antiviral medication, chronic alcohol 
consumption and illegal drug use. 

HBV genotyping 

DNA was extracted from serum using silica-membrane- 
based nucleic acid purification kit (QIAmp DNA, Qiagen, 
Germany) and amplified by nested PCR. The first PCR 
round included primers for the complete HBV surface and 
in the second round, primers specific for genotypes A, B, 
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C, D, E, F were included, as previously described [29]. 
HBV genotypes were identified in PCR products analyzed 
in 1.5% agarose gel electrophoresis. 

HDV genotyping 

RNA was extracted from serum using silica-membrane- 
based nucleic acid purification kit (QIAmp viral RNA, 
Qiagen, Germany), RNA was reverse transcribed (Super- 
script TM One step RT PCR Platinum Taq; Invitrogen, 
Germany) and specific primers for nucleotide (nt) 883- 
906 and 1288-1265 positions of HDV genome were 
used [30] . For restriction fragment length polymorphism 
(RFLP) the amplification products were detected in 1.5% 
agarose gel and digested with restriction enzyme Smal 
(5 U) (Life Technologies). Digested products were analyzed 
by electrophoresis through 6% acrylamide gels according 
to the size of the fragments: genotype 1 (227-178 bp), 
genotype 2 (no digestion), genotype 3 (298-107 bp) [30]. 

HDV sequencing and Phylogenetic Analysis 

For a subset of HBV-HDV coinfected patients, HDV iso- 
lates were submitted to direct sequencing of the partial 
delta antigen genomic region (405 nucleotide fragment 
within nucleotide positions 883-1288) using internal 
primers (Big Dye terminator DNA sequencing kit. Applied 
Biosystems, Foster City, CA) [30]. The sequences were 
edited manually (BioEdit V.5.0.9) and alignment, phylo- 
genetic and molecular analyses were performed using 
MEGA version 4 with neighbor-joining method under 
Kimura's two parameter. A bootstrap test and reconstruc- 
tion was done 1000 times to confirm the reliability of 
the phylogenetic tree. HDV sequences from this study 
were deposited at the GenBank under accession numbers: 
KF278974 to KF278994. 



of ages among groups employed ANOVA and Student's 
t test. Results yielding p < 0.05 were considered statisti- 
cally significant. 

Ethics statement 

This study was approved by Institutional Review Boards 
("Comite de Etica em Pesquisa da Universidade Federal 
do Amazonas/UFAM" and "Fundacjao de Hematologia do 
Estado de Amazonas/HEMOAM") and all participants 
provided signed informed consents. 

Results 

Main features of participants 

This molecular study included a total of 224 HBsAg 
positive individuals from the Brazilian western Amazon 
that were analyzed according to the recruitment site: A. 
Blood donors (n = 130); B. Outpatient subjects (n = 60); 
C. Subjects from Eirunepe (n = 34). In this study group 
(Table 1) males predominated among blood donors and 
outpatient subjects while females prevailed among par- 
ticipants from Eirunepe (p < 0.0001). Outpatient subjects 
were older than blood donors and than subjects from 
Eirunepe (p < 0.0007). The majority of patients (153/224; 
68.30%) lived in Manaus while 63 individuals lived in 20 
different remote municipalities located in the interior of 
the Amazonas State. Four individuals were from Labrea, a 
highly endemic region for both infections. Additionally, 8 
patients lived outside Amazonas State: three were from 
Boa Vista city capital, of Roraima State; one was from 
Tarauaca city, one from Sena Madureira, Acre State; two 
participants came from Itaituba and Tucurui, gold mining 
cities in Para State and one participant was from Patu city, 
Rio Grande do Norte State, northeast Brazil. 



Statistical analyses 

Proportions of genders, different HBV genotypes and 
HDV infections among groups of participants were com- 
pared by chi square and Fisher's exact test. Comparisons 



HBV infection and HBV genotypes 

Overall among 224 HBsAg positive cases included in 
this study, 85.26% (191/224) were genotyped for HBV: 
84.61% (110/130) of blood donors, 86.66% (52/60) of 



Table 1 Main demographic features, HBV genotypes in Western Amazon, Brazil 


Study group 


Manaus 

Blood donors 


Outpatients 


Eirunepe 


Total 


Number (n) 


130 


60 


34 


224 


Male: female# 


98:32 


38:22 


12:22 




Age# media, range 


35 (1 8-60) 


40 (1 9-66) 


33 (18-50) 




Genotyped HBV samples (n) 


110 


52 


29 


191 


% HBV A (n/total)* 


61.8 (68/110) 


44.2 (23/52) 


48.3 (14/29) 


105 


% HBV D (n/total)* 


154 (17/110) 


21.1 (11/52) 


1 7.2 (5/29) 


33 


% HBV F (n/total)* 


22.8 (25/110) 


34.6 (1 8/52) 


345 (10/29) 


53 



*p > 0.05 for Chi square comparisons of HBV genotypes among Manaus blood donors, Manaus outpatients and Eirunepe individuals; **p < 0.05 for Fisher's exact 
test comparison of HBV A frequencies between Manaus blood donors and outpatients; #p < 0.001 for ANOVA comparisons of ages and Chi square comparison of 
male:female ratios among Manaus blood donors, Manaus outpatients and Eirunepe individuals. 
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individuals from outpatient clinic in Manaus and 85.29% 
(29/34) of participants from Eirunepe. 

HBV genotypes A, D and F were detected in all three 
groups: blood donors, subjects recruited in Manaus and 
in Eirunepe. The frequency of HBV genotypes identified 
among outpatient subjects and among participants from 
Eirunepe was similar (p > 0.05); therefore comparisons 
were performed between blood donors versus subjects 
from Manaus and versus subjects from Eirunepe. In 
these analyses, the only significant difference in HBV 
genotype distribution was the higher frequency of HBV/ 
A among blood donors compared to outpatient subjects 
(p <0.05). 

HBV-HDV coinfection and genotypes 

In this study, the majority of participants (70.5%, 158/ 
224) had HBV mono-infection whereas around one third 
were HBV-HDV coinfected (Table 2). Compared to blood 
donors, HBV-HDV coinfection was more frequent among 
subjects from outpatient clinic (65.0% versus 8.5%; 
RR = 5.0; CI 3.4-7.9; p < 0.0001) and among participants 
from Eirunepe (47.0% versus 8.5%; RR = 5.5; CI 3.0-9.9; 
p < 0.0001). 

Among 66 HBV-HDV coinfected individuals, 52 had 
HBV genotyped and 38 had both HBV and HDV genotyped 
(Table 2). HDV genotype 3 was identified in all coinfected 
patients recruited in the western Amazon region. HBV/F- 
HDV/3 predominated (20/38; 52.7%), followed by HBV/A- 
HDV/3 (31.6%; 12/38) and HBV/D-HDV/3 (15.8%; 6/38). 
The frequency of HDV/3 coinfection among blood donors 
was lower (RR = 0.53; CI 0.24-1.11; p = 0.054). HDV/3 
coinfection was not significantly associated with HBV 
genotypes A or F. The relative risk of HDV/3 coinfection 
among outpatient subjects harboring HBV/D was border- 
line (RR = 0.51; CI 0.22-1.5; p = 0.07). 

HDV phylogenetic analysis 

The phylogenetic analysis of 21 isolates showed that HDV 
genotype 3 sequences circulating in the western Amazon 



Table 2 HDV-HBV co-infection and genotypes in the 
Western Amazon, Brazil 



Study group 


Manaus 
Blood donors Outpatients 


Eirunepe 


Total 


Participants (n) 


130 


60 


34 


224 


HBV HDV 


8.5 (11/130) 


65.0 (39/60) 


47.0 (16/34) 


66 


coinfection % 










Genotyped HBV 


8/11 


33/39 


11/16 


52/66* 


samples (n) 










HBV/A HDV/3 


1 


9 


2 


12 


HBV/D HDV/3 


3 


3 




6 


HBV/F HDV/3 


2 


13 


5 


20 



*Among 66 HBV-HDV co-infected individuals, 52 hiad HBV genotyped and 38 had 
both HBV and HDV genotyped. 



in Brazil are intermixed with sequences from other 
western Amazon countries as Venezuela, Colombia and 
Peru (Figure 1). Four HDV/3 sequences of patients coming 
from Labrea region were intermixed with other geno- 
type 3 sequences from Venezuela, Peru and other Brazilian 
sequences (GenBank accession numbers KF278983, 
KF278984, KF278988 and KF278993). 

In Eirunepe, HDV genotype 3 sequences (KF278985 
and KF278996) with high bootstrap were identified in 
individuals that did not have any clear epidemiological 
link, indicating a small local transmission cluster in the 
Jurua Valley. HDV/3 sequences from individuals living 
in several remote, isolated cities located in Puriis, Negro 
and Amazonas basins indicate that this genotype is widely 
dispersed throughout the Amazonas State. 

Discussion 

This molecular epidemiology study describes HBV and 
HDV genotypes circulating in the Brazilian western 
Amazon including Manaus city, the capital and largest 
metropolitan area of Amazonas State and several small, 
remote municipalities dispersed into the Amazon jungle. 
Blood donors from Manaus, outpatient subjects from sev- 
eral interior cities and subjects from Eirunepe city, located 
by the Jurua Valley, a highly endemic area were investi- 
gated. In this study, HBV monoinfection with genotype A 
predominated and genotypes D and F were also detected. 
HDV genotype 3 was the only genotype identified. HBV 
genotypes A, D and F and HDV/3 cases identified in sub- 
jects from the western Amazon depicted in Figure 2 con- 
firm the wide distribution of these variants within this 
highly endemic area. In particular, HDV/3, which seems 
to be unique to the Amazon basin, is indeed disseminated 
throughout the area. Since HBV genotypes are known to 
impact clinical outcomes, surveillance studies remain im- 
portant to identify prevailing genotypes and the possible 
introduction of new ones. 

Brazil and Colombia were the first Latin American 
countries to introduce universal vaccination against HBV. 
In the western Amazon region, a widespread vaccination 
program was implemented in 1999, however, HBV and 
HDV infections currently remain important public health 
problems given the high burden reported by public health 
services. Additionally, the effect of HBV vaccination on 
mortality is not clear [31]. Even under universal HBV 
vaccination programs, surveillance in western Amazon 
should be continued to help delineate improved measures 
to control these infections and molecular epidemiology 
studies are important to define the regional pattern of en- 
demicity. The importance of surveillance studies can be 
highlighted by the recent reports of high rates of HBV and 
HDV coinfection in developed countries mainly due to the 
immigration of patients from highly endemic regions 
and to the increased intravenous drug use [32-34]. The 
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Figure 1 Phylogenetic analysis of 21 HDV genotype 3 isolates from the western Amazon. A 405 nt fragment of delta antigen (nucleotide 
positions 883-1288) was directly sequenced. Sequences from the western Amazon identified in this study are highlighted (•). Corresponding 405 
nucleotide sub-genomic fragment of reference sequences were used in this analysis. For the reference sequences used, genotypes, origin and 
GenBank accession numbers of are indicated. 
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Figure 2 South America map highlighting the Brazilian western Amazon region and HBV and HDV genotypes identified in Amazonas, 
Acre and Roraima States according to the origin of the participants, indicated by a red star. HDV genotype 3 refers to the 21 isolates 
sequenced and shown in Figure 1. HBV genotypes are depicted in blad< and HDV genotype in red. Genotypes are shown according to the origin 
of participants within subregions of Amazonas State ("Alto Solimoes, Jutai/Solimoes/Jurua, Purus, Jurua, Madeira, Alto Rio Negro, Rio Negro/ 
Solimoes, Medio Amazonas"). The major hydrographic basins and from the western Amazon are shown including the Negro River/Manaus, 
Jurua River/Eirunepe and Purus River/ Labrea. (*) indicates genotypes in other Brazilian states in the north region: Para, Roraima and Acre. 



Amazon region attracts a significant number of migrants 
and tourists from all over the world and should be moni- 
tored regarding the possible introduction of different HBV 
and HDV genotypes that circulate in other countries, 
as well as their potential impact on clinical outcomes of 
coinfection regionally. 

In this study, HBV genotypes A, D and F were identi- 
fied and genotype A predominated among blood donors 
recruited in Manaus city. Our data corroborate previous 
reports showing that HBV genotype A prevails in Brazil 
including the northern region, followed by genotypes D 
and F [21,35-40]. In general, these studies have shown 
that about half of HBV circulating in Brazil is genotype 
A, probably introduced from Africa by slave trade, and 
in the north region, European and Lebanese immigrants 
have also played a role in genotype A introduction. Im- 
plications of genotype A in HBV therapy and disease 
progression have been well reported. Patients infected 
with HBV genotypes A and B have better responses to 
interferon-based therapy than patients infected with 
genotypes C and D. The predominance of HBV genotype 
A in the Brazilian western Amazon region, especially in 
Manaus, indicates that the majority of these individuals 
may benefit from interferon therapy. 

Some molecular epidemiology studies from the Brazilian 
Amazon have also shown the circulation of HBV genotype 



F [38-40]. In the Amazon, HBV/F has been described in 
isolated tribes that did not have contact with non-indigen- 
ous population, whereas among tribes that had contact 
with non-indigenous populations, genotypes A and D 
have been introduced [22,41]. In our study, no indigenous 
participant was included and genotype F predominated 
among subjects recruited in an outpatient clinic that came 
from interior cities indicating that genotype F circulates 
beyond indigenous populations. 

HDV/3 is considered the most divergent genotype and 
previous studies indicate that it is common in the Amazon 
Basin although genotype 1 has also been described in this 
region [42]. Results from the current study indicate wide 
dissemination and predominance of HDV genotype 3 in 
coinfected individuals from the western Amazon. As 
expected, the phylogenetic analyses showed that the HDV 
genotype 3 sequences from this study were intermixed 
with sequences from other western Amazon countries 
such as Colombia, Peru and Venezuela. Four HBV-HDV 
coinfected patients came from the highly endemic Labrea 
region where a severe hepatitis outbreak caused by HDV, 
known as Labrea hepatitis or black fever was reported 
[23]. In the current study, most coinfected patients that 
were genotyped harbored HBV/F-HDV/3 combination as 
previously reported [14], however, HBV/A-HDV/3 and 
HBV/D-HDV/3 coinfections were also detected. In Europe, 



Crispim et al. BMC Infectious Diseases 2014, 14:94 
http://www.biomedcentral.com/1471-2334/14/94 



Page 7 of 9 



most HBV-HDV coinfected patients harbor HBV genotype 
D but infection with genotype A can also occur [43]. Our 
study corroborates the diversity of HBV genotypes in HDV 
coinfection. 

One interesting molecular finding was that the major- 
ity of HBV/F-HDV/3 cases from the current study was 
detected among subjects recruited in an outpatient clinic 
in Manaus. The severity of HDV infection seems to be 
influenced by the HDV genotypes and HDV/3 has been 
associated with higher pathogenicity, generally fulminant 
hepatitis [12,44]. In South America HBV/F-HDV/3 co- 
infection has been associated with increased severity of 
the disease. Although out of the scope of the present 
study, the identification of higher frequency of HBV/F- 
HDV/3 genotypes among symptomatic patients with 
liver disease seeking medical care in an outpatient clinic, 
confirms the poorer clinical outcomes determined by 
these genotypes. A previous study from our group in 
the same geographic region, suggested a role for HBV 
genotype in disease progression in which more severe 
liver inflammation was seen in HDV/3-HBV/F coin- 
fected patients compared to patients mono infected 
with HBV/F [45]. The combination of HBV/F-HDV/3 
is highly, if not invariably pathogenic, however in the 
current study HBV/F-HDV/3 coinfection was also detec- 
ted in a low proportion of healthy blood donors. This 
finding indicates that this association is not "per se" patho- 
genic, although for unexplained reasons, the risk of liver 
disease in patients with this viral combination is indeed 
increased. 

In this study, the frequency of HDV coinfection was 
lower in blood donors from Manaus and the higher rate 
of coinfection detected in Eirunepe city, probably reflects 
the high endemicity for these viruses already described in 
this region located by the Jurua Valley. PGR amplification 
rates and identification of HBV genotypes in this study 
was around 85% and around 79% for HDV. This amplifi- 
cation rate for HBV can be considered high, since HDV 
coinfection spontaneously suppresses HBV, limiting amp- 
lification rates and analysis of HBV genotypes [45,46]. 
Standardization of "in house"-HDV-RNA assays is import- 
ant to allow comparisons of results among studies. The 
HDV genotype 3 sequences generated in this study and 
deposited in a public gene bank contribute to the some- 
what limited number of HDV sequences available from 
this endemic region. Although a significant number of 
individuals participated in this study, we acknowledge that 
our sample size may not be representative of the vast 
geographic territory of the western Amazon. However, 
molecular studies from this region need to take into 
account limitations and logistic difficulties to reach and 
screen inhabitants of remote, small municipalities disper- 
sed into the jungle, such as the screening performed in 
Eirunepe city. 



Conclusion 

The description of HBV and HDV genotypes circulating 
in the western Amazon is important to reveal both their 
pattern of endemicity and their relevance on the regional 
epidemics. The Amazon is a highly endemic region for 
these infections and their control is challenged by its 
vast territorial dimension, with small, hard-to-reach mu- 
nicipalities dispersed into the jungle, and by the diverse 
ethnic composition of those affected. Surveillance of HBV 
and HDV genotypes in the western Amazon region, to- 
gether with universal HBV vaccination, better educa- 
tional programs about these viruses including their 
modes of transmission and improvements in socioeco- 
nomic conditions in these remote areas remain the 
cornerstone for better control strategies. 

Abbreviations 

CI: Confidence interval; DNA: Deoxyribonucleic acid; ELISA: Enzyme linked 
immunoassay; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; 
HDV: Hepatitis D virus; HEMOAIVl: Hematology and Hemotherapy Eoundation 
from Amazonas; nt Nucleotide; PCR: Polymerase chain reaction; RELP: Restriction 
fragment lenght polymorphism; RNA: Ribonucleic acid; RR: Relative risk. 

Competing interests 

The authors declare that there are no competing interests. 
Authors' contributions 

MAEC: acquisition of data, analysis and interpretation of data, drafted the 
manuscript critically; NAE: conception and design of the work, revised the 
manuscript; SCC: contributed in the acquisition of the data; NAS: analysis 
and interpretation of data, revised the manuscript critically; MMAS: analysis 
and interpretation of data, drafted and revised the article critically; Kiesslich: 
conception and design of the work, coordination of field and laboratory 
work, revised the manuscript All authors read and approved the 
final manuscript. 

Authors' information 

MAEC, NAE, SCC, DK: Hematology and Hemotherapy Eoundation from 
Amazonas/HEMOAIVl Research Laboratory, Amazonas Blood Center, IVlanaus, 
Amazonas, Brazil; NAS: Eederal University of Bahia, Salvador, Bahia, Brazil; 
MMAS: Eederal University of Goias, Tropical Pathology and Public Health 
Institute, Goiania, Goias, Brazil. 

Acl(nowledgements 

The authors are thankful for all participants' cooperation. We are also 
thankful to Ludimila Cardoso and Cintia Mara de Oliveira for phylogenetic 
expertise and to Marcelo Mira for technical expertise in reveal both map 
design. MMA Stefani is a recipient of a fellowship from the National Council 
for Scientific and Technological Development (CNPq grant # 304869/2008-2); 
MMA Stefani and A Schriefer are supported by Eundagao de Amparo a 
Pesquisa do Estado do Amazonas/ EAPEAM/PVS grant. This study was 
sponsored by EAPEAM and CNPq. 

Author details 

^Hematology and Hemotherapy Eoundation from AmazonasVHEMOAM 
Research Laboratory, Amazonas Blood Center, Manaus, Brazil. ^Eederal 
University of Bahia, Salvador, Brazil. ^Eederal University of Goias, Tropical 
Pathology and Public Health Institute, Goiania, Brazil. 

Received: 24 September 2013 Accepted: 14 February 2014 
Published: 21 February 2014 

References 

1. Wedemeyer H, Manns MP: Epidemiology, pathogenesis and manageent 
of Hepatitis D: update and challenges ahead. Nat Rev Gastroenterol 
Hepatol 2010, 7(l):31-40. 



Crispim et al. BMC Infectious Diseases 2014, 14:94 
http://www.biomedcentral.com/1471-2334/14/94 



Page 8 of 9 



2. Rizzetto M, Canese MG, Gerin JL, London WT, Sly DL, Purcell RH: 
Transmission of the hepatitis B virus-associated delta antigen to 
chimpanzees. J /nfecf D/5 1980, 141 (5):590-602. 

3. Torres JR: Hepatitis B and Hepatitis Delta virus infection in South 
America. Guf 1996, 38(2):S48-S55. 

4. Gish RG, Gadano AC: Chronic Hepatitis B: current epidemiology in the 
Americas and implications for management. J Vira! Hepat 2005, 
13{12):787-798. 

5. Saracco G, Rosina F, Brunette MR, Amoroso P, Caredda F, Farci P, Piantino P, 
Bonino F, Rizzetto M: Rapidly progressive HBsAg positive hepatitis in Italy. 
The role of hepatitis delta virus infection. J Hepatol 1 987, 5(3):274-281 . 

6. Fattovich G, Boscaro S, Noventa F, Pornaro E, Stenico D, Albert! A, Ruol A, 
Realdi G: Influence of hepatitis delta virus infection on progression to 
cirrhosis in chronic hepatitis type B. J Infect Dis 1987, 155(5):931-935. 

7. Wedemeyer H: Hepatitis D - diagnosis and treatment. In Hepatology, A 
Clinical Textbook Volume 3. 3rd edition. Germany: Flying Publisher: 
2012:174-188. 

8. Fard P, NIro GA: Clinical features of hepatitis D. Semin Liver Dis 2012, 
32(3):228-236. 

9. Gaeta GB, Stroffollnl T, Chlaramonte M, Asclone T, Stomaiuolo G, Lobello S, 
Sagnelll E, Brunette MR, Rizzetto M: Chronic hepatitis D: a vanishing 
disease? An Italian multicenter study. Hepatology 2000, 32(4):824-827. 

10 AmInI N, Alavlan SM, Kabir A, Aalaei-Andabill SH, Saiedi Hosselnl SY, Rizzetto 
M: Prevalence of hepatitis d in the eastern mediterranean region: 
systematic review and meta analysis. Hepat Mon 2013, 13(l):e8210. 

11. Rizzetto M, Ciancio A: Epidemiology of hepatitis D. Sernin Liver Dis 2012, 
32(3):21 1-219. 

12. Casey JL, Brown TU Colan EJ, Wignall FS, GerIn JL A genotype of Hepatitis 
D virus that occurs in northern South America. Proc Natl Acad Scl USA 
1993, 90(19):9016-902O 

13. Alvarado-Mora MV, Romano CM, Gomes-Gouvea MS, Gutierrez MF, Botelho 
U Carrllho EJ, Pinho JR: Molecular characterization of the Hepatitis B virus 
genotypes in Colombia: a Bayesian Inference on the genotype F. 

Infect Genet Evol 201 1, 1 1 (1):103-108. 

14. Gomes-Gouvea MS, Scares MC, Bensabath G, de Carvalho- Mello IM, Brito 
EM, Souza OS, Quelroz AT, Carrllho FJ, PInho JR: Hepatitis B virus and 
Hepatitis Delta virus genotypes In outbreaks of fulminant hepatitis 
(Labrea black fever) in the western Brazilian Amazon region. J Gen Virol 
2009, 90(11 ):2638-2643. 

15. Te HS, Jensen DM: Epidemiology of Hepatitis B and C viruses: a global 
overview. Clin Liver Dis 2010, 14(1):1-21. 

16. Gayotto LC: Hepatitis Delta in South America and especially in the 
Amazon region. Prog Clin Biol Res 1991, 364:123-135. 

17. De La Horz RE, Martinez DM, Iglesias GA, Rojas MC: Factors de riesgo em la 
transmislon de la Hepatitis B em la Amazonia Colombiana. Biomedica 
{Bogota} 1992, 12(1):5-9. 

18. Yu H, Yuan Q, Ge SX, Wang HY, Zhang YU Chen QR, Zhang J, Chen PJ, 
XIa NS: Molecular and phylogenetic analyses suggest an additional 
hepatitis B virus genotype "I". PLoS One 2010 5(2):e9297. 

19. Tatematsu K, Tanaka Y, Kurbanov F, Sugauchi F, Mano S, Maeshlro T, 
NakayoshI T, Wakuta M, Miyakawa Y, MizokamI M: A genetic variant of 
hepatitis B virus divergent from known human and ape genotypes 
isolated from a Japanese patient and provisionally assigned to new 
genotype J. J Virol 2009, 83(20):1 0538-1 0547. 

20. Lin CL, Kao JH: The clinical implications of Hepatitis B virus genotype: 
Recent advances. J Gastroenterol Hepatol 201 1 , 26(1 ):1 23-1 30. 

21. Mello EC, Souto EJ, Nabuco LC, Vlllela-Nogueira CA Coelho HS, Franz HC, 
Saraiva JC, Vlrgolino HA, Motta-Castro AR, Melo MM, Martins RM, Gomes SA: 
Hepatitis B virus genotypes circulating in Brazil: molecular 
characterization of genotype F isolates. BMC Microbiol 2007, 7:103. 

22. Blitz L, Pujol EH, Swenson PD, Porto U Atencio R, Araujo M, Costa L, 
Monsaive DC, Torres JR, Fields HA, Lambert S, Van Geyt C, Norder H, 
Magnlus LO, Echevarria JM, Stuyver L Antigenic diversity of hepatitis B 
virus strains of genotype F in Amerindians and other population groups 
from Venezuela. J Clin Microbiol 1 998, 36(3):648-65 1 . 

23. Bensabath G, DIas LB: Labrea hepatitis (Labrea black fever) and 
other fulminant forms of hepatitis In Sena Madureira, Acre and 
Boca do Acre, Amazonas, Brasll. Rev Inst Med Trop Sao Paulo 1983, 
25(4):182. 

24 Bensabath G, Hadler SC, Scares MC, Fields H, DIas LB, Popper H, Maynard 
JEi: Hepatitis Delta virus infection and Labrea hepatitis. Prevalence and 



role In fulminant hepatitis in the Amazon Basin. JAMA 1987, 
258(4):479-483. 

25. Fonseca JCF, Simonetti SR, Schatzmayr HG, Castejon MJ, Cesarlo AU 
SImonettI JP: Prevalence of infection with Hepatitis Delta virus (HDV) 
among carriers of Hepatitis B surface antigen in Amazonas State, Brazil. 
Trans R Soc TropI Med Hyg 1 988, 82(3):469-471 . 

26. Fonseca JCF: Hepatitis D. Rev Soc Bras Med Trop 2002, 35:1 81 -1 90. 

27. Braga WS, Brasil LM, de Souza RA, Castilho Mda C, da Fonseca JC: 
The occurrence of hepatitis B and delta virus infection within seven 
Amerindian ethnic groups in the Brazilian western Amazon. Rev Soc Bras 
Med Trop 2001, 34(4):349-355. 

28. iBGE: http://cldades.ibge.gov.br/xtras/perfll.php?lang=&codmun=1 30140& 
search=amazonas|elrunepe. 

29. Naito H, HayashI S, Abe K: Rapid and specific genotyping system for 
Hepatitis B virus corresponding to six major genotypes by PCR using 
type specific primers. J Clin Microbiol 2001, 39(l):362-364. 

30. Casey JL, NIro GA Engle RE Vega A, Gomez H, McCarthy M, Vl/atts DM, 
Hyams KG, GerIn JL Hepatitis B virus (HBV)/Hepatitis D virus (HDV) 
colnfection in outbreaks of acute hepatitis in the Peruvian Amazon 
Basin: the roles of HDV genotype III and HBV genotype F. J Infect Dis 
1995, 1 74(5):920-926. 

31. Tavares-Neto J, Almeida D, Scares MC, Uchoa R, Viana S, Darub R, Farias F, 
Rocha G, Vitvltski L, Parana R: Seroprevalence of Hepatitis B and C in the 
Western Brazilian Amazon Region (Rio Branco, Acre): a pilot study 
carried out during a hepatitis B vaccination program. BrazJ Infect Dis 
2004 8(2):133-139. 

32. Manesis EK, Vouril G, Dalekos G, Vasllladls T, ManolakI N, Hounta A, 
Koutsounas S, Vafladis I, Nikolopoulou G, Giannoulls G, Germanldis G, 
Papatheodoridls G, Touloumi G: Prevalence and clinical course of 
Hepatitis Delta infection in Greece: a 13-year propective study. 

J Hepatol 2013, 59(5):949-956. 

33. Shadur B, Maclachlan J, Cowie B: Hepatitis D Virus in Victoria 2000-2009. 
Intern Med J 2013, 43(10):1081-1087. 

34. Ho F, Deltenre P, Nkuize M, Delwaide J, Colle I, Michielsen: Colnfection of 
Hepatitis B and Hepatitis Delta virus in Belgium: A multicenter BASL 
study. Prospective epidemiology and comparison with HBV 
monoinfection. J Med Virol 201 3, 85(9):1 51 3-1 5 1 7. 

35. Ferreira RC, Teles SA, DIas MA Tavares VR, Silva SA, Gomes SA, Yoshlda CF, 
Martins RM: Hepatitis B virus infection profile in hemodialysis patients in 
Central Brazil: prevalence, risk factors and genotypes. Mem Inst Oswaldo 
Cruz 2006, 101(6):689-692. 

36. Moraes MTB, NIel C, Gomes AS: A polymerase chain reaction-based assay 
to identify genotype F of Hepatitis B virus. Braz J Med Biol Res 1 999, 
32(1):45-49. 

37. Dial AU Oliveira CM, Castilho Mda C, Sllva MS, Braga WS: Molecular 
characterization of the hepatitis B virus in autochthonous and 
endogenous populations in the Western Brazilian Amazon. Rev Soc Bras 
MedTroplOn, 45(1):9-12. 

38. Vlana S, Parana R, Moreira RC, ComprI AP, Macedo V: High prevalence of 
Hepatitis B virus and Hepatitis D virus in the western Brazilian Amazon. 
Am J Trop Med Hyg 2005, 73(4):808-814. 

39. Victoria FS, Oliveira CMC, Victoria MB, Victoria CB, Ferreira LCL: 
Characterization of HBeAg-negative chronic Hepatitis B In western 
Brazilian Amazonia. Braz J Infect Dis 2008, 12(l):27-37. 

40. Conde SR Moia Lde J, Barbosa MS, Amaral Ido S, Miranda EC, Scares Mdo C, 
BrIto EM, Souza Odo S, de Araujo MT, Demachki S, Rebello JR Mesquita MG, 
Denis AB, Ishak R: Prevalence of hepatitis B virus genotypes and the 
occurrence of precore mutation A-1896 and to correlate them with the 
clinical presentation of chronic hepatitis, In a population group of the 
Eastern Amazon region. Rev Soc Bras Med Trop 2004, 37(2):33-39. 

41 . Bertollnl DA, Moreira RC, Soares MCP, Bensabath G, Lemos MF, Mello 
iMVGC, Pinho JRR: Genotyping of Hepatitis B virus in indigenous 
populations from Amazon region, Brazi [abstract]. Virus Rev Res 2000, 
5:101. 

42. Parana R, Kay A, Molinet F, Vlana S, Silva LK, Salcedo JM, Tavares-Neto J, 
Lobato C, Rios-Leite M, Matteoni L, D'Ollveira A Jr, Taull P, Trepo C: HDV 
genotypes In the Western Brazilian Amazon region: a preliminary report. 
Am J Trop Med Hyg 2006, 75(3):475-479. 

43. Soriano V, Grint D, d'ArmlnIo Monforte A, Horban A, Leen C, Poveda E 
Antunes F, de Wit S, Lundgren J, Rockstroh J, Peters L Hepatitis delta in 
HIV-infected individuals In Europe. AIDS 2011, 25(16):1987-1992. 



Crispim et al. BMC Infectious Diseases 2014, 14:94 
http://www.biomedcentral.com/1471-2334/14/94 



Page 9 of 9 



44. Nakano T, Shapiro CN, Hadler SC, Casey JL, Mizokami M, Orito E, 
Robertson BH: Characterization of Hepatitis D virus genotype III 
among Yucpa Indians in Venezuela. J Gen Virol 2001, 
82(9):2183-2189. 

45. Kiesslich D, Crispim MA, Santos C, Ferreira FL, Fraiji NA, Komninakis SV, 
Diaz RS: Infuence of Hepatitis B virus (HBV) genotype on the clinical 
course of diseases in patients coinfected with HBV and Hepatitis Delta 
virus. J Infect DIs 2009, 199(11):1608-161 1. 

46. Rizzetto M: Hepatitis D: thirty years after. J Hepatol 2009, 50(5):1 043-1 050. 

• 

doi:10.1 186/1471-2334-14-94 

Cite this article as: Crispim et al:. Molecular epidemiology of hepatitis B 
and hepatitis delta viruses circulating in the Western Amazon region. 
North Brazil. BMC Infectious Diseases 2014 14:94. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at \ rant,,\ 

www.biomedcentral.com/submit Biomea eencrai 



